SUMMARY
INTRODUCTION
The central nucleus and the basolateral complex in the amygdala are extensively implicated in learning and memory (Aggleton, 1994) . Weiskrantz (1956) first suggested that the effect of amygdalectomy is to make the reinforcement of stimuli, whether positive or negative, difficult to become established or to be recognized as such. Later, Gaffan and Harrison (1987) and then Gaffan (1992) depicted that the tasks impaired by amygdala lesions are those involved in multiple associations between a previously neutral and a primary reinforcing stimulus. Lesions of the central nucleus of the amygdala (CeA) block the expression of several conditioned fear responses, including conditioned emotional response (CER), shock sensitization, and (C) 2002 Freund & Pettman, U.K. tear-potentiated startle (Furmark et al., 1997; Hitchkock & Davis, 1986;  Vazdarjanova & McGaugh. 1999; Young & Leaton, 1996) . Lesions of the CeA also eliminate or attenuate conditioned freezing, normally seen in response to a stimulus formerly paired with shock (Blanchard & Blanchard, 1972; LeDoux et al., 1988) or in continuous active and passive avoidance tasks (Slotnick, 1973) . In 1989, Ermakova and coworkers attempted to restore such functions in amygdalar-lesioned rats by transplanting fetal amygdalar tissue. Although histologically the transplants were healthy and well integrated with the host, there was no recovery in the acquisition and reacquisition of the aversively motivated 8-arm radial water-maze task. The authors also demonstrated that transplanting cultured cerebellar tissue, rich in the inhibitory mediators GABA and taurine, normalized emotionality and spatial memory in rats without improving the disturbed motor activity, whereas transplanting striatum (Ermakova & Zhulin, 1996) 
Surgery
On the day of the surgery, the rats were anesthetized with ketamine (75mg/kg, i.p.), and a small hole was drilled on either side of the skull, after fixing the head in the stereotaxy, corresponding to CeA (AP 2.3mm, ML 4mm, DV 8mm) (Paxinos & Watson, 1982 ). An electrolytic lesion was produced bilaterally by passing direct current (2mA) for 8 sec, using bipolar concentric steel electrodes (tip diameter 100 pm). In the sham-operated rats, the electrode was lowered to the CeA and then removed without passing current. After surgery, all rats received gentamycin (8mg/kg i.p., twice daily) for 5 days. Rectal (Das et al., 1979 (1972) was followed for training the rats on CER. To facilitate lever pressing, the rats had access to food for only h each day. Initially the rats were magazinetrained to press the lever and get the food reward. Each CER session lasted for 10 min. During the first minute, the rat was allowed to explore and get conditioned to the skinner box. After an initial conditioning for min, on the first day of CER training, the rat pressed the lever to get the food for 3 rain (block I). During the next 3 rain (block II), the buzzer (conditioned stimulus, CS) was presented and lhe lever-press response was recorded. In block Ill (next 3 min), the rat was again allowed to press the lever uninterruptedly. On the 2 "a day, the rats were allowed to press without the buzzer. On the 3 'd day, the buzzer was presented again in block II, but it was followed by a foot shock (square wave pulses of 25 Hz frequency and stimulation strength of 2mA for sec). This schedule of buzzershock pairing was presented on alternate days seven times to circumvent the development of a generalised CER. On the days when the buzzershock was not paired, the rat received only the buzzer. Subsequently from day 15, the buzzer-shock pairing was presented every day until session 26.
The suppression ratio (SR, an index of learning) [22] was calculated as the number of lever presses during the block II (B) divided by the number of lever presses during the block (A) plus the number of lever presses during the block II (B), or B/(A+B). The learning score (LS) was calculated by taking the mean of the sum of the suppression ratios of all the buzzer-shock paired sessions, beginning from the fourth session. The total learning score is a measure of intensity of the emotional response on all trials. The average score (AS) was calculated by taking the mean of the sum of the suppression ratios of all the non-shock sessions. The suppression score (SS) was the average of the sum of the suppression ratios of the last 10 buzzer-shock paired sessions. All scores were calculated for each rat.
Active avoidance: The procedure reported by Ueki et al. (1994) was used in the present study to train the rats on the AA task. On the 1st day of the experiment, the rat was allowed to explore the box for 5 rain. The door was then lowered with the rat in the unsafe compartment (C2). After 20 sec, the light and buzzer (conditioned stimulus, CS) was switched on in the C2, and the door between the safe and unsafe compartments was raised. Five seconds later, the rats received a footshock (unconditioned stimulus, US) in the unsafe compartment, either for a maximum of 10 sec or until the rat escaped to the safe compartment (C1 
RESULTS
On histological examination, in all lesioned rats, an electrolytic lesion was observed bilaterally in the central nucleus of amygdala (Fig. 1) (sessions 1, 4, 6, 8, 10, 12, 14) , the suppression ratio (SR) of each session gradually decreased (p= 0.0178, Freedman test) in sham-operated rats. In the first session, the SR was 0.44 +0.1 and in the 14 th session it was 0.1 +0.1 (p < 0.01 ), indicating a gradual learning by the sham-operated rats of the association between the buzzer and the impending shock in CER. In CeA-lesioned rats, a gradual decrement did not occur. In the first session of the CeA-lesioned rats, the suppression ratio was 0.54 + 0.07, whereas it was 0.5 +0.04 in the 14 th session (p 0.337). The LS, SS, and AS were also significantly higher (p 0.0016, p 0.0002, p 0.000, respectively) ( (Fig 2a) , indicating that the sham-operated rats were able to learn the association between the buzzer and the impending shock from the first session itself. 
DISCUSSION
The results of the present study have demonstrated that the transplantation of fetal amygdalar tissue in bilateral CeA-lesioned rats leads to an almost complete recovery of the active avoidance (AA) task and to a partial recovery of the conditioned emotional response (CER). The deficit in learning the AA and CER tasks shown by CeA-lesioned rats in this study is in accordance with reports in the literature. As early as 1963 and later, several workers (Kellicut & Schwartzbaun, 1963; Hitchkock & Davis, 1986 (Morris et al., 1999; Pitkanen et al., 1995) . Hence, the lesions of CeA result in the loss of innate or conditioned fear (Kemble et al., 1990; LeDoux, 1994; Vazdarjanova & McGaugh, 1999 Tomey & Heckroth, 1993; Heckroth et al., 1998) .
These factors attenuate the neuronal loss by arresting degeneration of the adult host tissue and by encouraging sprouting of the intact axon (Borlongan et al., 1998) . In the present study, the observation that rats with grafts in the caudate/ putamen till showed acquisition deficits of both CER and AA indicates that the recovery observed in rats with amygdalar grafts cannot be attributed to the release of neurotrophic or activating factors by the injured tissue.
The exact mechanism responsible for the recovery of the learning abilities of CeA-lesioned rats is not known. Time-matched controls, rats in which transplant tissue were observed in the caudate/putamen, did not show a similar recovery. Therefore, the results suggest that amygdalar tissue transplants are capable of inducing recovery of conditioned emotional response and active avoidance tasks in CeA-lesioned rats.
